Many reports have shown since 1900 that there might be some relations between thyrotoxicosis and functional disturbances of muscle contraction in the thyrotoxic form of periodic paralysis,and that on the contrary thyroid hormone had a beneficial action on the paralytic attack in the familiar form of this disease.Taking this point of view some electrophysiological analyses on the skeletal muscle membrane have been reported in recent years. LAPLAUD & GARGOUIL(1960) showed that with triiodothyroacetic acid,one of the thyroid hormones,the negative after-potential of the action potential in the sartorius muscle of the frog was augmented in its height.Further,they observed in vivo that the action potential of the rats pectralis muscle was increased in its duration by previously injected thyroxine (LAPLAUD et al.1961) .Although it has been known that thyroid hormones affect the basic metabolism in tissues, the mechanisms of this effect on the muscle membrane are not yet too clear in detail.
In this experiment attempts were made to investigate and to discuss the actions of sodium thyroxine on the membrane characteristics of the bull-frog's slow muscle fibers,which are innervated by small motor nerve fibers,and on neuromuscular transmission. (1956 a)was employed.The stimulating current rose to a maximum in a few msec and decayed slowly with a time constant of about 30 msec and to avoid the anode break excitation,was applied to the nerve through two platinum electrodes about 3 mm apart;the electrode closer to the muscle was made positive with respect to the other electrode in order to produce an anodal block of the large motor nerve fibers.
METHOD
Acetylcholine-potentials(Ach-potential)in the slow muscle fibers were recorded in the junctional region by applying the so-called ionophoretic microapplication technique (NASTUK,1953; CASTILLO & KATZ,1955 seasonal changes in the muscle membrane.Consequently, the time constant of the muscle membrane measured on the decay of the electrotonic potential at the termination of the inward current pulse was also small, about 76 msec (28-164 msec). an increase in the membrane resistance by about 3.5 times on the average (FIG.3) .The amplitudes of both the s.j.p.and the s.j.c.were strikingly augmented to about 180% and 240% respectively,as compared with those in the control solution. 10-4 thyroxine,while that in the control was 55.9 msec (FIG.4) . The relationship between the magnitudes of the membrane potential and the amplitudes of the s.j.c.'s was nearly linear when the latter was plotted on an ordinate and the former on an abscissa.The potential where the membrane potential-s.j.c.curve crossed the abscissa indicated the equilibrium po-tential for the s.j.c.No appreciable change in the equilibrium potential could be detected in the control and test solutions.Furthermore,the shunting resistance in the junctional region which could be estimated from the gradient of this curve was about 2.0 and 0.8 MS2 in the control and test solution respectively.
The Ach-potential was increased significantly by thyroxine.One of typical examples is shown in FIG.5 
DISCUSSION
In the present experiments the most remarkable effects of sodium thyroxine on the neuromuscular junctional region of the slow muscle membrane were the increases in the resting membrane resistance,up to more than three folds of that in the control solution,and in the amplitudes of both the s.j.p.'s and s.j.c.'s.These three facts evidently show that thyroxine may facilitate neuro-muscular transmission.Actions of many agents which influence the neuromuscular transmission may be classified in three categories from the view of their acting sites,i.e.the presynaptic terminals,the postsynaptic membrane or a combination of both.On the other hand,by an electrically equivalent circuit,the muscle membrane is represented approximately as a condenser (membrane capacity)in parallel with a battery(membrane potential)with a series resistance(membrane resistance).In response to the tansmitter substance the muscle membrane in the junctional region is shorted by the shunting resistance (FAIT & KATZ,1951) .(In a more exact expression the shunting resistance has a series battery representing the equilibrium potential).According to the ionic theory the shunting resistance was explained by a sudden increase in the ionic fluxes across the membrane,e.g.possible ions are sodium and potassium or chloride in the slow muscle (BURKE & GINSBORG,1956b) .In this regard the augmentation of the s.j.p.'s may be caused by the following factors (OoMURA & TOMITA,1961) : (1)increase in the resting potential(2)increase in the membrane resistance(3)decrease in the membrane capacitance(4)decrease in the minimum shunting resistance or increase in the maximum ions permeability in the membrane in the junctional region:(i) increase in the released amount of transmitter substance;(ii)increase in the sensitivity of the receptor membrane to the transmitter substance;and(iii)inactivation of the cholinesterase at the junctional region(5)prolongation of the whole time course of the temporal change in the shunting resistance.
In these experiments the membrane resting potential was not affected by thyroxine,therefore factor(1)could be excluded.The value of the shunting resistance measured from the gradient of the relationship between the s.j.c. and the membrane potential significantly decreased to below half in the presence of thyroxine.Therefore,one of the reasons influencing the increase of the s.j.p. should be considered factor(4).However,the equilibrium potential of the s.j.c. obtained from the same relationship mentioned above,was not appreciably shifted by thyroxine.In frog's fast muscles, TAKEUCHI & TAKEUCHI(1960) showed that the transmitter made the end-plate more permeable to sodium and potassium ions but not to chloride ions.They further indicated that the ratio of gNa to gK was 1.29 in the equilibrium potential.Although the relationship between the slow muscle fiber and the ion species is not yet confirmed,if the above is assumed to be adopted in the case of the slow muscle,the decrease in the value of the shunting resistance and no change in the equilibrium potential mean that the values of both gNa and gK increased,but the ratio of them remained constant.On the other hand,the Ach-potentials were significantlyaugmented by thyroxine.If thyroxine increased mainly the transmitter substance liberated from the presynaptic terminals and did not affect the postsynaptic membrane,the Ach-potentials would not be augmented.Furthermore, in thyroxine the strength of the Ach-driving current needed to produce the Ach-potential of the same amplitude as in the control was only one seventeenth. If the increase in the sensitivity to the transmitter substance in the postsynaptic membrane is supposed to be seventeen folds,the amplitude of the s.j.c. would be about the same in relation.But the amplitude of the s.j.c.during the thyroxine treatment was only doubled.Consequently,it is more likely to assume that by thyroxine the amount of the released transmitter substance in response to the nerve stimulation may not be increased but rather reduced. These influences will be discussed later.
Under From these points it may be concluded that the facilitation of the neuromuscular transmission was caused by a marked increase in the membrane resistance at rest and in the sensitivity in the receptor membrane to the transmitter substance.
One of the effects of thyroxine on the slow muscle membrane,is to increase the resting membrane resistance.This is similar to those of Ca or Ba ions reported previously by OOMURA et al.(1961b) .Thyroxine is easily combined with the cations such as Ca,Ba or Mg (GEMMILL & PLUNKETT,1952) .Using ly showed not only its special bindings on the surface membrane of the muscle was supposed to combine first with the muscle membrane in some unknown (probably physicochemical)fashion and secondarily absorb Ca ions and manifest the effect of such ions as an increase in the membrane resistance.On the other hand,regarding the importance of Ca ions on the excitable membrane TOBIAS(1958)presented a scheme of the molecular structure of the membrane in which the skeleton of the membrane was composed of lipoprotein molecules combined with Ca ions.Then an alternative explanation may be presented. for the increase in the resting membrane resistance,that thyroxine may combine with the muscle membrane at the sites where the Ca ions are combined, then quantitatively alter the fashion of the ions permeability in the membrane. Another conceivable explanation for that may be an accerelation in the active transport of such as sodium,potassium and other ions in the muscle membrane caused by incorporating thyroxine into the muscle fiber,since the effect of thyroxine on the muscle fiber was not too rapid. LAPLAUD & GARGOUIL(1960) postulated an activation of the potassium pump in the muscle membrane,after recognition of an augmentation and prolongation of the negative after potential in the frog's sartorius muscle by triiodothyroacetate.This may not be conceivable,however,because the resting potential in thyroxine was not altered significantly.
Many reports have shown that thyroid hormones affect the function of the tonic as well as phasic muscle activities. WOLF(1943) found in the familial form of periodic paralysis,that thyroid medication benefited the paralytic attacks,although an adverse effect in the thyrotoxic group of this disease (SHINOSAKI,1926; ROBERTSON,1954) . SHY et al.(1961) reported that an increased weakness following withdrawal of 1-triiodothyronine on familiar periodic paralysis was promptly reversed by its re-administration.From these points there were differences between the thyrotoxic and familial forms of periodic paralysis.Our analyses of the effects of thyroxine on the electric phenomena in the neuromuscular junctional region of the slow muscle,show possible mechanisms toward the favorable action of thyroid hormones on the familiar form of periodic paralysis.
On the contrary,the adverse effect of an administration of the thyroid hormone in the thyrotoxic form of periodic paralysis might be explained as follows. It has not yet been proved,but it may be likely that the sensitivity to the transmitter substance in the neuromuscular region may not be increased but rather decreased,for example the'desensitization',by continual applications of thyroid hormone due to thyrotoxicosis (KATZ & THESLEFF,1957) .Moreover, the amount of transmitter substance liberated from the nerve terminals that had been previously reduced by this hormone as discussed before,might be further reduced by a hormone treatment.These two may act together as the functional disturbances of neuromuscular transmission.However,further investigations to clear up this problem will be necessary in the future. 
